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Summary 

Using liposomes as the mediator of DNA transfer, we were successful in the transfection of human hepatocytes isolated 
from surgical samples with an E. colt 0-gaIactosidase gene (/3-gal). A comparison of transfection efficiency showed that of 
the four promoters used, cytomegalovirus (CMV) promoter yielded higher transfection efficiencies than Rous sarcoma 
virus (RSV), Simian virus-40 (SV-40) and human alpha-1 antitrypsin (AAT) promoters. These studies represent the first 
report on the successful transfection of primary cultures of human hepatocytes. 
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Introduction 

Human hepatocyte cultures have recently been found to be a 
valuable experimental model for studying xenobiotic metabolism, 
toxicity, and liver diseases. The ability to transfer selected genes 
into primary human hepatocytes will be an important technical ad- 
vance towards the understanding of the regulation of human liver- 
specific genes and the biological activities of the gene products. 
However, while there are numerous reports on the successful trans- 
fection of rodent hepatocytes, as of this writing, there are no similar 
reports on primary human hepatocytes. 

In our laboratory, we have recently developed procedures for the 
isolation (5), cryopreservation (7,8) and induction of DNA synthesis 
by epidermal growth factor in cultured human hepatocytes (6). We 
report here our success in the liposome-mediated transfection of 
human hepatocytes with a reporter gene, the E. coli j3-galactosidase 
(0-gal) gene. 

Materials and Methods 

Chemicals. All chemicals were obtained from Sigma Co. (St. Louis, 
MO) unless otherwise indicated. 

Isolation and culture of human hepatocytes. Human hepatocytes were 
isolated in our laboratory from surgical samples from patients undergoing 
upper abdominal surgery, with explicit informed consent from patients and 
Institutional Review Board approval. The hepatocytes were isolated using a 
collagenase-perfusion procedure that we have optimized for human liver 
samples. The procedure is described in detail elsewhere (5). The isolated 
human hepatocytes were cultured on rat tail collagen coated tissue culture 
plastic plates (60 mm diameter; Cos tar, Cambridge, MA). 

Plasmid DNA preparation and transfection. The plasmid DNA used in 
the gene transfer experiments was the E. coli 0-gal gene linked to different 
promoters including SV 40 (SV-40-£-gal; Pharmacia, Piscataway, NJ), hu- 
man Alpha-1 antitrypsin [AAT-£-gal; a gift from Dr. K. Ponder (14)], Rous 
sarcoma virus [RSV-0-gal; (9)] and cytomegalovirus [CMV-£-gal; (10)]. 
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Plasmids were grown in the HB101 strain of E coli (Gibco BRL, Gaithera- 
burg, MD). The DNA was isolated by Qiagen columns (Qiagen Inc., Studio 
City, CA). Eluted DNA was ethanol precipitated and resuspended in sterile 
TE buffer (10 mA/TrisCl, 1 mM EGTA, pH 8.0) and quantified by measure- 
ment of absorbance at 260 nm. DNA transfer into human hepatocytes was 
performed using a liposome-mediated procedure modified from that re- 
ported by Ponder et al. (14) and that described in the Gibco BRL (Gaithers- 
burg, MD) protocol. Briefly, cells were plated on collagen coated 60 mm 
diameter dishes at a density of 2 X 10 6 cells/plate. The cells were allowed 
to attach for 2 to 4 h after which media (1:1 mixture of F12 and Dulbecco's 
modified Eagle's medium, supplemented with 13.2 mg/1 alanine, 12.8 
mg/1 serine, 24 mg/1 asparagine, 2 g/1 fatty acid poor bovine serum albu- 
min, 0.168 mg/rol aminolevulinic acid, 5 mg/1 oleic acid, 5 mg/1 
d.l-tocopherol, 0.393 mg/1 dexamethasone, 7.9 mg/1 d-thyroxine, 0.03 
mg/1 glucagon, 20 U/l insulin, 50 ng/ml human epidermal growth factor 
(Gibco, Long Island, NY), and 84 mg/1 gentamicin) was changed to 3 ml of 
fresh medium. The liposome/DNA mixture was prepared by mixing 10 
Upofectin (Gibco BRL, Gaithersburg, MD) and specific amounts of DNA in 
50 p\ water. The mixture was incubated at room temperature for 15 min, 
added to the cultured hepatocytes and incubated at 37° C, 5% CO, for 18 
to 20 h. The media was then changed to growth medium and the cells were 
incubated for an additional 48 h before harvesting for the evaluation of 
transfection efficiency. As a negative controL cells were treated identically 
except that no DNA was present in the transfection mixture. 

Analysis of transfection efficiency. Transfection efficiency of 0-gal was 
measured by cytochemical staining. Briefly, the cells were rinsed twice with 
phosphate-buffered saline (PBS), fixed for 10 min with 3.7% formalde- 
hyde, and stained with 5-bromo-4-chloro-3-indoyl-j9-galactopyranoside (x- 
gal, Strategenc, La Jolla, CA) based on the method of MacGregor (9). 
Positively stained cells were easily visualized as blue cells. Approximately 
5000 cells were randomly scored from each transfected plate. Results were 
expressed as percent posilively-stained cells. Using this endpoint, negative 
control samples were found not to contain any positively stained cells. 

Results and Discussion 

While DNA-mediated gene transfer in nontransformed, primary 
cultures of rodent hepatocytes has been reported (e.g., 1-4,11- 
1 7), similar reports with human hepatocytes are not available as of 
this writing. We showed here that liposome-mediated DNA transfer 
was effective in the transfection of human hepatocytes. Three gene 
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transfer experiments were performed, each with hepatocytes pre- 
pared from a different donor. In all three experiments, successful 
transfection was achieved as demonstrated by the presence of /3-ga- 
lactosidase positive cells. # 

In the first experiment, we evaluated the feasibility of transfection 
of human hepatocytes with varying doses of CMV-0-gal. Plasmid 
DNA doses of 0.8 to 3 jig per plate yielded similar transfection 
efficiencies, ranging from 4 to 9% of the cell population (Tig. 1). 
Based on the results, 1.5 Mg of DNA and 10 ug Upofectin were used 
in the subsequent experiments. In the second and third experi- 
ments, the transfection efficiency of 0-gal linked to different pro- 
moters was studied. The promoters tested were CMV, AAT and 
RSV in the second experiment (Fig. 2 A) and the same promoters 
plus SV-40 in the third experiment (Fig. 2 B). In both experiments, 
CMV was found to yield the highest levels of 0-gal positive cells. 
Our results are therefore similar to results obtained by Ponder et al. 
(14) with rat hepatocytes, indicating that CMV-promoter was the 
most effective in gene transfer. 

It is interesting to note that of the three human hepatocyte isola- 
tions transfected with CMV-0-gal, one yielded close to 50% trans- 
fection, while the other two had transfection efficiency values of less 
than 10%. Subsequent experiments with more human hepatocyte 
isolates (data not shown) were more consistent with the lower val- 
ues, suggesting that the high value was more of an exception than 
the rule. As virtually identical procedures and reagents were used 
for these three experiments, it is possible that host factors may be 
responsible for the unusually hi^i transfection efficiency. We hope 
that the frequency of occurrence of this phenomenon. and the exact 
nature of such host factors may be elucidated upon more experience 
with a higher number of human hepatocyte isolates. 

Our success with gene transfer in primary culture of human he- 
patocytes suggests that genetic modification of the cells can be per- 
formed. It will be particularly interesting, for instance, to evaluate 
the hepatocyte-specific delivery system such as the asialoglycopro- 
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Fit. 1. Transfection efficiency of cytomegalovirus promoter-linked £. 
coli 0-galactosidase DNA in human hepatocytes as a function of total DNA 
used. The hepatocytes were obtained from human donor 1. 



Fxc. 2. A comparison of different promoters on transfection efficiency. 
The promoters used were: cytomegalovirus (CMV), human alpha- 1 anti- 
trypsin (AAT), Rous sarcoma virus (RSV), and Simian virus-40 (SV-40). 
Hepatocytes from two different individuals (human donor 2: A; human 
donor 3: B) were used. 



tein-polycation DNA complex as proposed by Wu and Wu (18) in 
the human hepatocytes. 
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